We describe an experimental demonstration of fiber-based optical phase-sensitive amplification for improved detection of correlated single-photon pairs. A measured coincidence gain of 4.5dB provides 3dB improvement in the detection system signal-to-noise ratio. (2) -based OPSA for improved coherent light detection and ranging (LIDAR) performance although their operating regime was above the single-photon level. Here, we present an experiment using a F (3) -based frequency non-degenerate OPSA configured for use as a pre-amplifier for correlated single-photon pair inputs and demonstrate improvements in the detection system signal-to-noise ratio for enhanced detection system performance.
shows the conceptual configuration. The source injects correlated single-photon pairs into a lossy channel. The successfully transmitted photon pairs are input to a frequency non-degenerate OPSA followed by coincidence measurements. The OPSA gain increases the mean photon number of the input and, as a result, improves the likelihood of detection (i.e., increasing the system detection efficiency). For properly phase-aligned input correlated photon pairs, the gain is higher than for random input single-photons, which helps suppress input excess noise. The photon pairs are demultiplexed and measured with SPDs. Several switches are shown in Fig 1a that allow for characterization of the system signal and noise statistics. Fig. 1b shows the detailed experimental setup. A passively mode-locked laser outputs pulses centered at a wavelength ~1549 nm and a rate of 47 MHz. The pulses, with ~750 mW peak power, pump a 136m length of dispersion-shifted fiber (DSF), creating correlated signal and idler photon pairs via spontaneous four-wave mixing (SFWM). The pair emission probability is ~6·10 -3 per pulse. The signal and idler are selected ±400GHz away from the pump wavelength. The pump and single-photon pairs are injected into a Waveshaper, which enables independent amplitude and phase control of all three wavelengths (pump, signal, and idler) for OPSA optimization. The OPSA consists of 221m of DSF. Both DSFs are cooled with liquid nitrogen to reduce Raman noise. A polarizer after the OPSA suppresses cross-polarized Raman noise. SPDs count the photons in singles and in coincidence. The OPSA increases coincidence counting rates by constructively interfering input pairs and OPSA-generated pairs [4] . In contrast to [4] where the OPSA net gain was ~1, the much shorter OPSA is configured here for a net gain > 1 to increase the mean photon number. The lossy channel in Fig. 1a is emulated with excess optical component loss.
where each individual measurement has an accumulation time of 0.1 s (5 million gates). The 1000 measurements are then histogrammed and normalized to depict probability density functions (PDF). The pre-amplifier "off" results are summarized in Fig. 2a , where the estimated SPD dark count coincidence statistics are shown as red circles (SW2 in  Fig 1a open) . Due to the low dark count coincidence probability, we estimate their coincidence rates using the measured singles rates. Also shown is a probability density function (red solid line) calculated assuming that the dark count rates from both SPDs have Poisson statistics, where each mean is derived from the measured singles dark count rate. We note that one of the detectors exhibited a larger than expected variance, though we still modeled this detector with a Poisson function to provide a realistic extrapolation at the lower PDF values. The estimated mean dark coincidence count probability is 2.78·10 -4 ± 3·10 -6 over 5 M detector gates (0.1 s). Also shown in Fig. 2a  (black squares) are the measured coincidence count statistics at the PSA output for no gain when the pump is turned off (SW3 open in Fig. 1a) . The mean output coincidence rates are 5±0.07 per 0.1 s. The Poisson PDF (black solid line) fits well to the measurement. In Fig. 2b the results are shown when the pre-amplifier is turned on (SW3 closed). When no photon pairs are input to the pre-amplifier, it emits spontaneous noise which is measured after opening SW1. The measured PDF (red circles) matches well with a Poisson PDF (red solid line). The mean coincidence counting rate for the spontaneous emission is 5±0.07 per 0.1 s interval, by chance matching the input mean coincidence rates noted above. When all three switches are closed then the pre-amplifier is fully operational, and its output PDF is characterized (black squares). The output mean coincidence counting rate increases to 19±0.1 per 0.1 s interval, due to constructive interference in the OPSA [4] , which is significantly greater than the incoherent sum of the measured spontaneous and input mean counting rates. After subtracting the coincidence counts due to spontaneous emission from the output coincidence counts, the OPSA gain for coincidence counting is ~ 4.5 dB.
The benefits of the pre-amplifier can be summarized by the signal-to-noise ratio (SNR). The SNR is calculated based on the mean signal and noise variance [5] : where n total and n noise are the mean total output and noise coincidence counting rates, respectively, and V 2 total is the variance. From the coincidence measurements, the SNRs are 5±0.3 and 11±0.5 at the input and output of the preamplifier, respectively, indicating a > 3 dB system SNR improvement using the OPSA. In summary, we have demonstrated the application of an OPSA as a pre-amplifier for enhanced detection of correlated single-photon pairs.
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